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(54) Method and apparatus for depilaUon using pulsed electromagnetic radiation 



(57) A method and apparatus for removing hair is 
disclosed. The method includes the step of producing 
at least one pulse of hcohorent electromagnetic energy. 
The Incoherent electromagnetic energy Is then coupled 
to an area of surface of the tissue that includes more 
than one hair follicle. The method may alternatively in- 
clude the step of applying a gel (103) on a surface of the 
tissuelo cool the tissue. The energy heats the hairs and 



hair foOIcIes. without heating the tissue. The apparatus 
Includes a source (301) of pulsed incoherent electro- 
magnetic energy. The source Is located within a housing 
(302), and a coupler (310) directs the incoherent elec- 
tromagnetic energy to the surface of the tissue. In an 
alternative arrangement a gel disposed on the surface 
of the tissue such that the gel cools the tissue but is not 
ac^cent and does not cool, the hair foflfele. 
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Description 

The Invenlion relates generally to devices arwJ 
methods (or rsmovino hair, and more partteularfy to such 
devices and methods that uUBze electromagnetic ener- 
gy to Idli hair (ollieles. 

Hair can be removed permanently for cosmetic rea- 
sons tyy various methods, for example by heating the 
hair and the hair follicle to a high enough temperature 
that results in their coagulation. H Is known that blood b 
coagulated when heated to temperatures of the order of 
70&C. Simaarty, heating of the epidermis, the hair and 
the hair fonicle to temperatures of the same order of 
n^agnitude win also cause their coagulation and win re? 
suit in permanent removal of the hair. 

One common method of hair removal, often called 
electrolysis, is based on the use of 'electric needles' 
that are applied to each individual hair. An electrical cur- 
rent Is applied to each hair through the needle. The cur- 
rent heats the hair, causes its carbonization and also 
causes coagulation of the tissue next to the hair and 
some coagu lation of the mtcro^essels that feed the hair 
fclllcla. 

While the electrical needle method can remove hair 
penmanently or long temi. its use is practically limited 
because the treatment, is pahful and the procedure is 
generally tedious and lengthy 

Ught can also be used effectively to remove hair. 
For example, other prior art methods of hair renxjval in- 
volve the appOcatidn of pulsed light, generally from co- 
herent sources such as lasers, a A. Harte, et al.. fri U. 
S. Patent No. 3,693,623. and C, Block, In U.S. Patent 
No. 3,834,39 1 , leach to remove hair by coagulating sin- 
gle hair with a light coupled to the Individual hair by an 
optical fiber at the Immediate vicinity of the hair. Simi- 
larly, R. G. Meyer, In U.S. Patent No. 3.538.919, re- 
moves hair on a hair by hair basis using energy from a 
pulsed laser. Similar inventions using small fibers are 
described in US. Patent No. 4.388.924 to H. Weissman, 
et aL and U.S. Patent No. 4.617,926 to A. Sutton. Each 
of these teach to remove hair one hair at a time, and are 
thus sk>w and tedious. 

U.S. Patent No. 5,226.907, to N. Tankovfeh, de- 
scribes a hair removal method based on the use of a 
material that coats the hair and hair follicle. The coating 
material enhances absorption of energy by the follicles, 
either by matching the frequency of a light source to the 
absorption frequency of the material, or by photochem- 
ical reactioa In either case the light source Is a laser. 
One deficiency of such a method and apparatus is that 
lasers can be expensive and subject to stringent ragu- 
lattons. AddHIonaliy. the coating material must be ap- 
plied only to the hair foIDcles, to insure proper hak re- 
moval and to prevent damage of other tissue. 

Ught (electromagnetic) energy used to remove hair 
must have a fluence such that sufffcient energy wiO be 
absorbed by the hair and the hair follicle to raise the tem- 
perature to the desired value. However, If the light is ap- 



plied to the surface of the skin other than at the precise 
tocation of a hair follicle, the light will also heat the skbi 
to coagulation temperature and Induce a bum in the 
skin. 

s Accordingly, it is desirable to be able to eflectively 
heat multiple follteles, without burning the surroundbig 
skin. Such a method and apparatus shouki be able to 
renrave more than one hair at a time, and preferably 
over a wide area of skin, for example at least two square 
10 centimeters. Additionally, the method and apparatus 
shouU be capable of using Incoherent Sght. 

In accordance with one aspect of the Inventton. a 
method of removing hair bom an area of tissue includes 
producing at least one pulse of Incoherent electromag- 
is nette energy. The Incoherent electromagnetic energy Is 
then coupled to an area of the surface of the tissue that 
includes more than one hair follfcle. 

Additionally, in one alternative embodiment the en- 
ergy may. but not necessarily, be produced by pulsing 
» a flashlamp to generate a pulse having an energy flu- 
ence on the order of 10 to lOOJ/cnrt^. The energy can be 
coupled through a window in a housing In whteh the 
flashlamp Is tocated. by reflecting the energy to the tis- 
sue through the window and through a gel located on a 
surface of the tissue. The window may be brought Into 
contact with the gel In other alternative emtsodlments 
the angular divergence of the electromagnetic energy is 
controlled, and ttius the depth of ponetratwn into the tis- 
sue, and the coupling to Uie hair and to the hair follfcles. 
30 is also controDed. In another alternative embodiment 
each step of the method is repeated, but at least two 
angular divergences are used, thus obtaining at least 
two depths of penetrattoa 

In other altemative embodiments electroma£^tic 
« energy is filtered. Specirically. in one embodiment the 
electromagnetic energy is filtered according to the pig- 
mentatfon level of the tissue to be treated. In another 
altemative energy that has a wavelength of less than 
SSOnm and greater than 1300nm Is filtered. Some or aD 
^ of such energy can be filtered. 

In yet anotiier altemative embodiment the pulse 
produced has a wkfth of less ttian200msec, and/or the 
delay between pulses is of ttie order of 10 to lOOmsec 
between the pulses. In one embodiment the surface ar- 
45 ea of the energy at the tissue Is at least two square cen- 
timeters. 

In accordance with a second aspect of the Invention 
an apparatus for removing hair from an area of tissue 
that includes more than one hair follfcle Includes a 
w source of pulsed Incoherent electromagnetic energy 
The source is k)cated wittiin a housing, and a coupler 
directs the incoherent electromagnetic energy to the 
surface of the tissue. 

According to an altemative embodiment the source 
« is a flashlamp and a pulse generating circun that gener- 
ates pulses of energy that have en energy fluence on 
the order of 10 to lOOiAcm^. The coupler can include a 
transparent window and the housing a reflective interior. 
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wherein the energy Is reflected to the whdow A gel is 
disposed on the surface of the tissue and the window is 
in contact with the gel, tocouple the energy through the 
window and gel to the surface of the tissue, tn another 
alternative emlsodiment the energy provided by the cou- 
pler has a range of angular divergences. 

In another alternative emtsodiment at least one 
band-pass electromagnetic filter is disposed between 
the source and the tissue. The filter can be selected 
such that the wavelength of the energy that passes 
through the filter is based on the pigmentation level of 
the treated tissue. Alternatively, the filters pass energy 
that has a wavelength of between 550nm and 1 300nm, 
In other embodiments source provides pulses hav* 
inga width of less than 200in8ec, and^delays between 
pulses on the order of 10 to lOOmsec In another em- 
bodiment the area of the energy at the tissue is at least 
two square centimeters. 

According to a third aspect of the invention, a meth- 
od of removing hair from an area of tissue that has more 
than one hair follicle Includes producing at least one 
pulse of electromagnetic energy. A gel on a surface of 
the tissue cools the tissue, but the gel is not adjacent 
the hair follicle. The electromagnetic energy is coupled 
to the surface of the tissue. 

In one aftematlve embodiment the energy b pro- 
duced by pulsing a flashlamp. and a pulse having an 
energy fluence on the order of 10 to iCOJ/cm^ is thereby 
generated. In another embodiment the flashlamp is lo- 
cated in a housing that includes a transparent windbw 
and the energy b reflected through the window and di- 
rected through the gel to the tissue. In yet another alter- 
native embodiment the angular divergence of the elec- 
tromagnetic energy b selected to determine the depth 
of penetration Into the tbsue. and to determine the cou- 
pling to the hair and to the hair foDides. Also, each step 
of the method may be repeated using at least two dif- 
ferent angular divergences, whereby at least two depths 
of penetration are obtained. 

In another alternative embodiment the electromag- 
netic energy b filtered. The filtering can be done in ac- 
cordance with the pigmentation level of the treated tb- 
sue. Alternatively, filtering may include Altering some or 
all of the energy that has a wavelength of less than 
550nm and greater than 1300nm. 

In another alternative embodiment pulses produced 
have a width of less than ZOOmsee. The delay between 
pulses may be on the order of 10 to lOOmsec. Ateo, the 
area of the energy at the tissue can be large, for example 
more than two square centimeters. The energy may be 
incoherent, such as that produced by a flashlamp for ex- 
ample, or coherent, such as that produced by a laser, 
for example. 

In accordance with a fourth aspect of the invention 
an apparatus for removing hair from an area of tissue 
that has more than one hair Includes a source of pubed 
electromagnetic energy. A gel b dbposed on the sur- 
face of the tbsue such that the gel coob the tbsue but 



b not adjacent, and does not cool, the hair fonicle. A 
coupler is disposed between the soun:e and the surface 
to couple the energy to the surface. 

In one alternative embodiment the source b a 

« pubed flashlamp that generates pubes having an ener- 
gy fluence on the order of 10 to lOOJ/cm^. In another 
alternative the flashlamp Is located In a housing that in- 
cludes a transparent window and a reflective Interioi: In 
yet another alternative embodiment the shape of the 

10 coupter determines the angular divergence of the elec- 
tromagnetic energy, which determines the depth of pen- 
etration of the energy Into the tbsue. and determines 
the coupnng to the hair and to the hair fonicles. The ap- 
paratus may include a band-pass filter dbposed be- 
tween the source and the surface. In one ahemative the 
band-pass filter passes energy havfang a wavelength of 
between 550nm and ISOOnm. The source may be a 
source of incoherent energy, or a source of coherent en- 
ergy, such as a laser, for example. 
^ The present invention wiDnowbe described, by way 
of example only, with reference to the accompanying 
drawings, in which lilce numerab designate corespond- 
ing elements or sections throughout, and in which: 

^5 Figure 1 Is a schematic drawing of a cross section 
of a hair follicle in the dennb and a gel appTied to 
the epidermb in accordiance with the present inven- 
tion; 

Figure 2 b a graph showing the optical properties 
90 of the Skin; 

Rgure 3 b a side view ol a hair removal apparatus 
constructed in accordance with the present inven- 
tion; 

Figure 4 b a front view of a hair removal apparatus 
35 constmcted in accordance with the present faiven- 
tion; 

Figure 5 b a divergent coupler such as one used In 
the present Invention; and 
Figure 6 is a non-divergent coupler such as one 
^ used in the present inventioa 

Before explaining at least one embodiment of the 
invention in detail it b to be understood that the Inventnn 
b not iimHed in its application to the details of construc- 

*s tlon and the arrangement of the components set forth in 
the following description or fliustrated in the drawings. 
The invention is capable of other embodiments or of be- 
ing practiced or carried out in various vrays. Abo. it b to 
be understood that the phraseology and tenninology 

so employed herein Is for the purpose of description and 
should not be regarded as limiting. 

Generally, in the present Invention, hair b removed 
by exposing the "hairy* area to htense, wide area, 
pubed etectromagnetic (light) energy. The energy heats 

« the hair and coagulates the tissue around the hair and 
follicle without damaging the healthy skin. 

An optically transparent water based gel may be ap- 
plied to the skin prior to treatment As used hereh gel 
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means a viscous fluid that Is preferably, but not neces- 
sarily water based The gel is used to cool the epidermis 
which b the prfcnaiy location of Dght absorption by tis- 
sue, due 10 the melanin content of the epldennls. The 
gel Is eppGed eo as not to penetrate bito the cavHy gen- 
erated by the hair fof DCIe. and thus does not cool the hair 
and the hair foHicle. As a result the energy is selectively 
appGed to coagulate the hair without damaging the skh. 

A polychromatic light source, such as a high Inten- 
sity pulsed flashtamp. Is an example of a source suitable 
for the purposes described herein. One advantage of a 
polychromatic source such as a fJashlamp Is that energy 
having a wavelor^gth in the range of 550 to 630nm Is 
heavily absoifoed in blood and can be used to coagulate 
the vessel that feeds the hair. Additionally, longer wave- 
lengths, En the range of 600 to 1 lOOnm have a very good 
penetration into non-pigmented skin. This wavelength 
range can be used to couple to the melanin of the hair. 
The higher pigmentation of the hair and the hair follicle 
can enhance the absorption of energy by the hair. 

Flashtamps also have the advantage of being able 
to illuminate a large area, thus minimizing the treatment 
time. The ftashlamp combined with a proper reflector 
can deliver the required fluences to areas on the order 
of a few square centimeters in a single application. How- 
ever, other Dght sources, such as pulsed lasers can be 
usedaswajL 

Referring now to Figure 1 ' a schematic drawing of 
a cross section of a hair follicle 100 in a demiis 102 is 
shown. As may be seen in Figure 1. a gel 103 applied 
to an epidemils 104. In the present invention, water 
based transparent gel 103 is applied to a large section 
of the skin that is covered by hair, such as hair 105. Gel 
105 is applied to epidermis 104 and creates a thin layer 
on top of epidemrtis 104. This layer is ctosely coupled to 
epUermis 104 and acts as a heat sink that cools epider- 
mis 104 when light (electromagnetic energy) is applied 
to the area As may also be seen in Rgure 1. gel 103 
does not penetrate into a cavity 106 formed by hair fol- 
licle 100 due to its surface tension properties and the 
fact that the hair is naturally covered by a thin layer of 
fatty material whteh makes it hydrophobic. The much 
higher heat diffusivfty of gel 103 compared to that of air 
which fills cavity 106 enables fast cooling of epkfermie 
104. represented by arrows 107. while hair 105 b cooled 
at a much stower rate. 

The cooling time - St of an object that has typical 
dimensions d and diff usivlty - a can be written as: 

8tod*/16a 

The epkJermis has typical cross dimensons of less than 

0. 1nrwn, which is also the typical diameter of hair. The. 
diffusivity of water is approximatoiy a=3x1 O^sec' . 

The gel is applied. In the manner shown in Figure 

1. over a wkto area. When the gel is so applied the typ- 
k»t cooling time of the hair will be on the order of 



200msec and that of the epidermis wQI be on the order 
of 5msec. This difference In cooling times is due to the 
fact that the gel does not penetrate Into the hair follicles. 
It is preferable to use a transparent gel since the gel acts 

< only as a cooling agent and should not be heated by the 
external illumination. 

In accordance with the invention, light Is applied to 
the treated area In either a tong pulse or in a sequence 
of pulses separated by a delay. The delay and/or pulse 

10 length is preferably controlled by the operator to pravUe 
enough heat to remove the hair but not enough heat to 
damage the skin. For example, the pulse length or deby 
between the pulses should be more than the cooling 
time of the gel covered epidermis and less than the cool- 

« Ing time of the hair and follicle. Thus, refening to the 
above discussion on cooling times, a pulse length of 
50msec if a single pulse is used or a delay of 50msec 
between the pulses if a pulse sequence is used are ap- 
propriate values. 

^ The spectrum of the light source may be selected 
with reference to the absorption by the skin, by the hair 
and by the blood vessels feeding the hair. For example, 
the hair foUicIs has typical a depth of 1 to 2nim. It is pref- 
erable, therefore, to use a light wavelength range that 

^5 can penetrate Into this depth without vary high attenua- 
tkin. 

Figure 2 Is a graph showing the scattering, absorp- 
tion and effective attenuation coeffcients in fair skin der- 
mis and the absorption coefficient of bkxxJ in the 400 to 

» 1 ooonm range. Because a wide area Is illuminated, rath- 
er than a single hair. It is preferable to use a wavelength 
range that penetrates into the skh without being highly 
attenuated. The sWn attenuatfon coefficient controls the 
depth of penetration of light Into the skin. As may be 

35 seen in Figure 2 wavelengths that are tonger than 
5S0nm will be more effective to penetrate deep enough 
into the skin. Shorter wavelengths are less desirable be- 
cause they %vill be highly attenuated before reachbig the 
k>wer parts of the hair follicles. 

<o Wavelengths significantly tongar than 1 .OOOnm are 
also less effective due to high absorption of infrared in 
water which constitutes more than 70% of skin. Wkle 
area photo thernial hair removal of the present invention 
preferably uses light that can penetrate deep Into the 

4S skin, since light is coupled to the hair and the hair foIU- 
cles only after it penetrates through the skin. Most of the 
spectnim of light at wavelengths tonger than 1,300nm 
Is heavily absorbed In water and wfll be less useful be- 
cause it does not penetrate very deep into the skin. For 

so example. C02 laser radiation in the lO.OOOnm range 
penetrates only a few tens of microns into the skin. 

Referring now to Figures 3 end 4. one preferred em- 
bodiment of hair remover 300 includes a flashlamp 301 
tocated in a housing 302 havftig a handle. The flashlamp 

55 b shown adjacent gel 103 and hairy skin 102/104/105. 
One flashlamp that the inventors have found effective 
tor hair rsmoval is described in detail in co-pending Unit- 
ed States Patent Application For Method and Apparatus 
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For Therapeutic Eloclramagnetic Treatment, Serial No. 
07/964.210. filed October 20, 1992. ar^d incorporated 
herein by reference. The flashlamp described therein 
provides a suitable fluence and It Illuminates a large ar- 
ea In a singis pulse (on the order of 10X50 nrvn). 

Such a flashlamp Is driven by a variable pulse width 
power source. The flashlan^ is contained In housing 
902 and the Oght from the flashlamp b directed towanto 
the sidn by a reflector 305 that has a high raflectMty. 

Also shown in Rgures 3 and 4 Is a filter 307. that b 
disposed between flashlamp 301 and gel 103. The Alter, 
or in an alternative embodiment, multiple filters, are 
used to control the spectrum generated by the light 
source. As used herein filter, or band-pass fitter, de- 
scribes a device that allows electromagnetic energy 
(light) of certain wavelengths or frequencies to pass. 
The other wavelengths or frequencies are either partial- 
ly or wholly removed. 

The operator can select the fitter according to the 
sWn pigmentation of the person being treated. For the 
embodinmnt using a flashlamp. one can take advantage 
of the spectral range typically generated by such a lamp, 
which is in the range of 200 to 1 SOOnm for high pressure 
xenon flashlamps operated at high current densities (on 
the order of 1,000 to 5.000 A/fcm^. Since hair removal 
b mainly done for cosmetic reasons and b mostly im- 
portant tor cases of darker hair, the hair itself will absorb 
light in a wMe spectral range In the visible and the near 
infrared. The shorter wavelengths generated by the 
flashlamp may be removed since they do not penetrate 
as deeply Into the skn (as can be seen from Figure 2). 

In one embodiment a bng pass filter that transmits 
only wavelengths longer than the cut off wavelength of 
the filter Is used. A cut off wavelength of SOOnm b used 
in a preferred embodiment when the person being treat- 
ed has fair skin. A cut off wavelength In the range of 700 
to SOOnm is used in the preferred embodiment to treat 
peopb with dark skin. According to the invention, the 
filters may be, for example, dichrob filters or absorbing 
filters. The desired spectrum can abo be achieved by 
more than one filter or by band-pass filters. 

Light from flashlamp 301 b coupled to the skin 
through a transparent window 308 and a coupler 310 
(described bek>w). As shown in Figures 3 and 4. windbw 
308 b placed on transparent water based gel 103. In 
use, the operator hoWs hair remover 300 by handle 304; 
and places it on the area of skin where treatment b de- 
sired (and gel 103 has been applied). Transparent win- 
dow 308 creates a well defined flat surface on gel 103. 
through whbh llghl enters Into gel 103 and into the skia 
The operator setecb the pube and energy fluence 
parameters on a control unit (not shown). The power 
and control unit are preferably housed In a separate box 
and win Include power from a capacitor charged to a high 
voltage by a DC power supply, wherein the capacitor b 
discharged through the fiashbmp. Hair remover 300 
can be connected to the power and control unit vb a 
flexible cable that albws easy aiming of the devfce when 



aiming it to the treatment area on the patbnt^ skin. 
Pube length control can be achieved by using a few 
pube fonning networks that can generate different pube 
widths. Alternatively, an opening 309 may biclude a soOd 
state opening switch that can stop the dbcharge at a 
time preset by the operator, thus controlling the pube 
width. These elements of the device are weO kno%vn and 
. can be easily constnjcted. or repbced by similar ele- 
ments, as one skilbd in the ait will know 

After the parameters have been setocted. the oper- 
ator fires the unft by pressing a ewilch that can ^e locat- 
ed in a variety of locations. 

A total fluence on the order of 10 to lOCyi/crrfi will 
successfully remove the hair. This fluence can be deter- 
mined from the requirement of reaching a high enough 
temperature of the hair and hair follicle, and considering 
the penetrattoh of Bght, through the skin and \n\o the hair 
and hair foaicle. absorption of light in the hair and hair 
folUcle, specific heat capacity of the hair and the hair 
» follble. and the cooling of the hair during the pube by 
heat conductlvily to the surrounding skin. 

Coupler 310 transmits light from flashbmp 301 to 
gel 103 and to the skfci. The coupler can be comprised 
of a hollow box with intemally reflecting walb that act as 
« a light guide for the light generated by flashlamp 301 , to 
transmit the light (ebctromagnetb energy) to the skin. 
Coupler 31 0 may alternatively be made from other ma- 
terial, for example, a solid transparent material such as 
glass or acrylic in which light reflection from the walls b 
so achtoved by using total hlemal reflectton on the skle 
walb. 

Coupler 310 b used, in one aftematlva embodi- 
ment, to control the angubr dbtributkn of the light rays 
impffiging on the skin. Light rays wfll hit the hair or the 

3S hair follicb predominantly when they are travelling in a 
direction perpendfcular to the plane of the skin. A dbtri- 
bution of light rays that has a relatively wide angular di- 
vergence when treating shallow hair b desirable to di- 
rect a large portbn of the energy to the hairs and folG- 

40 des. Conversely, a narrow divergence b preferable 
when deep penetiatton b desired. 

In one embodiment both shaltowand deep penetra- 
ttonb obtained by a using a two stage treatment proc- . 
ess. A narrow divergence beam b used first to treat the 

^ deeper hair folflcbs. whlb a high divergence beam b 
used to treat the top of the hair follicles. 

Figure 5 shows a coupler 501 having an exit beam 
with a greater angubr divergence than that of the en- 
trance beam. As shown in Figure 5. a beam 502 enters 

so coupbr 501 at a small angle, rebtive to the axb of cou- 
ptar 501 . When beam 502 exits coupler 501 the angle, 
relative to the axis, b much greater. The tapered shape 
of coupler 501 erthanees thb divergence. 

Figure 6 shows a straight coupbr 601. that mab- 

ss tains the angular distributbn ol the rays of Oght that enter 
into IL A beam 602 b shown entering and exiting coupler 
601 with the same angle, relative to the axb of coupbr 
601. Alternate use of both couplers 501 and 601 can 
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achieve the narrow arxJ deep penetration discussed 
above. Alternatively, the user can select the type of cou- 
pler according to the depth of hair being treated. 

Clinical tests have been performed on hair on the 
legs of a few patients. Hair was removed for at least two 5 
months without obsen/ing any hair growing bacic on the 
exposed areas during this period. The experiments 
were performed with high fluences. Le., up to 4SJ/cm2 
in each exposure. The spectnjm used covered the 
range of 570 to llOOnm and the fluence was supplied io 
in a triple pulse with delays of 50 to 100msec between 
pulses. The pulse sequence enabled hair removal with 
minimum pain and no damage to the skin. The transpar' 
ent gel that was used in these experiments was a water 
based ultrasound get, such as that commonly available, rs 

Thus, it should be apparent that there has been pro- 
vided in accordance with the present invention a flash- 
tamp and couplerthat fully satisfy the objectives and ad- 
vantages set forth above. Although the invention has 
been described in conjunction with specific embodi- io 
ments thereof, it is evident that many alternatives, mod- 
ifications and variations wOl be apparent to those skilled 
in the art Accordingly, tt. is intended to embrace all such 
alternatives, modifications and variations that fall within 
the spirit and broad scope of the appended daims. 2S 



Clalme 

1. A method of removing hair from an area of tissue so 
that includes a plurafity of hair follicles, character* 
ised by the steps of: 

producing at least one pulse of incoherent elec- 
tromagnetic energy. ss 
and coupling the incoherent electromagnetic 
energy to the sudace of the tissue. 

2. A method as claimed in claim 1. wherein the step 

of producing comprises the step of pulsing a flash- 40 
lamp to generate a pulse having an energy fluence 
on the order of 10 to 100J/cm2. 

3. A method as claimed in claim 2. wherein the flash- 
lamp is located in a housing that includes a trans- ^ 
parent window and wherein the step of coupling In- 
cludes the steps of reflecting the energy to the tis- 
sue, through the window and a gel kscated on a sur- 
face of the tissue. 

so 

4. A method as claimed in claim 3. wherein the step 
of coupHng further includes bringing the wirutow into 
contact with the gel 

5. A method as claimed In claim 4, wherein the step « 
of coupling includes controlling the angular diver- 
gence of the elecUonnagnetic energy, whereby the 
depth of penetration hto the tissue, and the cou- 



pling to the hair and to the hair foilides, Is controlled. 

6. A method as claimed in claim 5, wherein each step 
of the method is repeated at least twice, and where- 
in at least two angular divergences are used, 
whereby at least two depths of penetration are ob- 
tained. 

7. A method as claimed In any one of claims 1 to 6. 
wherein the etep of producing comprises the etep 
of filtering the electromagnetic energy. 

8. A method as claimed in claim 7. wherein the step 
of filtering includes the step of filtering electronnag- 
nettc energy according to the pigmentatnn level of 
the treated tissue. 

9. A method as claimed in claim 7, wherein the step 
ol filtering includes the step of filtering energy that 
has a wavelength of less than SSOnm and greater 
thanl300nm. 

10. A method as claimed in claim 9, wherein the step 
of filtering energy that has a wavelength of less than 
SSOnm and greater than 1300nm. includes ftltering 
substantially all such ertergy. 

11. A method as claimed in any one of the preceding 
claims, wherein the step of producing includes the 
step of producing at least one pulse having a width 
of less than 200msec. 

12. A method as claimed In claim 11 . In which the step 
of producing includes producing a plurality of pulses 
with a delay of the order of 10 to 100msec between 
the pulses. 

13. A method as claimed b any one of the preceding 
claims, in which the area of the energy at the tissue 
is at least two square centoneters. 

14. An apparatus tor removing hair from an area of tis- 
sue including a pluranty of hair follicles, character- 
ised in that the apparatus comprises a source of 
pulsed Incoherent electromagnetic energy, wherein 
the source is bcated within a housing (302) that in- 
cludes a coupler capable of being disposed to direct 
the incoherent electromagnetic energy to the sur- 
tace of the tissue. 

15. An Qpparatus as claimed in claim 14, wherein the 
source includes a flashlamp (301) and a pulse gen- 
erating circuit capable of generating a pulse having 
an energy fluence on the order of 10 to 100Jlfem2. 

16. An apparatus as claimed in claim 14 or 15, wherein 
the housing includes a reflective interior and a 
Uansparent window, wherein the energy Is reflected 
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through the couplar to the window, end further 
wherein a gel (103) is disposed on the surface of 
the tissue and the wihdow b in contact with the gel 

17. An apparatus as claimed in claim 16, wherein the 
coupler is a tapered coupler. 

10. An apparatus as claimed In any one of claims 14 to 
17. further including a band-pass electromagnetic 
filter (307) disposed between the source andthe tls- 



19. An apparatus as claimed in claim 19, further includ- 
ing a pluraJity of band-pass electromagnetic filters 
capable of being disposed between the source and is 
the tissue, wherein a filter Is selected such that the 
wavelength of the energy that passes through the 
filter is based on the pigmentation level of the treat- 
ed tissue. 

20 

20. An apparatus as claimed in claim 18 wherein the 
filter passes energy that has a wavelength of be- 
tween SSOnm and ISOOnm. 

21. An apparatus as claimed in any one of clalnw 1 4 to 

20. wherein the source is a source of pulses having 
a width of less than 200msec. 

22. An apparatus as claimed in any one of claims 14 to 

21 . wherein the source b a source of putees having 90 
a delay on the order of 10 to lOOmsee between the 
pulses. 

23. An apparatus as claimed in any one of claims 1 4 to 

22. in which the area of the energy at the tissue is 35 
at least two square centimeters. 

24. A method of removing hair from an area of tissue 
including a plurality of hatr fomcles, characterbed 

by the steps of: 40 

producing at least one pulse of electromagnetic 
energy; 

prcvldtng a gel on a surface of the tissue, 
wherein the gel Is not adjacent the hair follicle, <5 
and further wherein the get cools the tissue; and 
coupling the electromagnetic energy to the sur- 
face of the tissue. 

25. A method as claimed in claim 24. wherein the step so 
of producing comprises the step of pulsing a flash- 
lamp to generate a pulse having an energy fluenee 

on the order of 10 to 100J/cm2. 

s 

26. A method as Claimed in claim 25, Wherein the flash- ss 
lamp is located in a housing that includes a trans- 
parent Window and wherein the step of coupling in- 
cludes the steps of reflecting the energy to the tis- 



sue through the gel 

27. A method as claimed in claim 25. wherein the step 
of coupling includes controlling the angular dlver- 
geru:e of the electromagnetic energy, whereby the 
depth of penetration into the tissue, and the cou- 
pling to the hair and to the hairfollicles. b controlled. 

2a A method as claimed in claim 27. wherein each step 
of the method b repeated at least twice, and where- 
in at least two angular divergences are used, 
whereby at least two depths of penetration are ob^ 

tained. 

29. A method as claimed in any one of claims 24 to 28, 
wherein the step of producing comprbes the step 
of filtering the electromagnetic energy. 

30. A method as claimed in dairri 29, wherein the step 
of filtering includes the step of filtering electromag- 
netic energy according to the pigmentation level of 
the treated tbsue. 

31. A method as claimed in claim 29. wherein the step 
of filtering includes the step of filterfng some of the 
energy that has a wavelength of less than SSOnm 
and greater than 1 SOOnm. 

32. A method as claimed in any one of the precedihg. 
wherein the step of producing Includes the step of 
producing at least one pube having a width of less 
than200msec. 

33. A method as claimed in claim 32. in which the step 
of producing includes producing a plurality of pubes 
with a delay on the order of 10 to 100msec between 
the pulses. 

34. A method as dafmed fin any one of claims 24 to 33. 
in which the area of the energy at the tissue b at 
least two square centimeters. 

35. A method as claimed in any one of claims 24 to 34. 
in which the step of producing includes the step of 
producing coherent energy. 

36. An apparatus for removing hair from an area of tb- 
sue that includes a plurality of hair follicles, cliarac- 
terised in that the apparatus comprises: 

a source of pubed electromagnetic energy; 
a gel (103) dbposed on the surface of the tb- 
sue, wherein the gel is not adjacent the hair fol- 
flcle, and further wherein the gel coob the tb- 
sue; and 

a coupler (310) disposed between the eource 
and the surface, wherein, the electromagnetic 
energy b coupled to the surface of the tbsue. 
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37. An apparatus as claimed h claim 36. wherein the 
source is a pulsed flashlamp (301 ) capable of gen- 
erating pulses having an energy huence on the or- 
der of lOlo 100J/cm2. 

• * 

3a An apparatus as claimed In claim 37, wherein the 
flashiarnp is located in a housing that includes a 
transparent window and wherein the housing in- 
dudes a reflective Interior. 

10 

39. An apparatus as claimed in cbim 37 or 38, wherein 
the shape of the coupler determines the angular di- 
vergence of the electromagnetic energy, whereby 
the depth of penetration into the tissue, and the cou- 
pling to the hair and to the hair follicies. Is controlled. i5 

4a An apparatus as claimed In any one of claims 37 to 
39. further Including a band^ss filter disposed be- 
tween the soutce and the surface. 

80 

41. An apparatus as claimed in claim 40. wherein the 
band-pass filter passes energy having a wave- 
length of between 550nm and 1 300nnx 

42. An apparatus as claimed in any one of claims 36 to 8S 
42, in which the source Is a source of coherent en- 
ergy. 
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